Background: Focal subtenon carboplatin injections have recently been used as a presumably toxicity-free adjunct to systemic chemotherapy for intraocular retinoblastoma.
R
ETINOBLASTOMA (RB), the most common intraocular malignancy of childhood, occurs in approximately 1 in 20000 live births. 1 Most of the cases are in children younger than 2 years, with tumors arising from primitive retinal cells. The tumors of patients with bilateral RB may be multifocal or unifocal, and involvement is usually more extensive in 1 eye. 2 The tumors of patients with unilateral RB may also be multifocal. In recent years, new regimens have shown considerable success in treating intraocular RB using multiagent chemotherapy-with or without cyclosporine to address the problem of multidrug resistance P-glycoprotein that is associated with RB tumorscombined, in most cases, with local laser therapy and cryotherapy to consolidate the response to chemotherapy. [3] [4] [5] [6] [7] These regimens often use systemic carboplatin, etoposide, and vincristine sulfate (CEV) and, recently, subtenon injections of carboplatin as adjunctive local therapy. The rationale for using subtenon injections is to increase the intraocular concentration of carboplatin, without incurring additional systemic toxicity from increasing intravenous carboplatin dosages. 8, 9 We report our clinical observation of decreased ocular motility associated with subtenon carboplatin in our patients.
METHODS
Our main indications for subtenon carboplatin adjunctive therapy were preservation of (1) the remaining eye in patients with bilateral poorprognosis RB who already had 1 eye enucleated, (2) both eyes in patients with bilateral RB having poor-prognosis tumors at diagnosis, or (3) eyes in patients in whom systemic chemotherapy was contraindicated. Ten consecutive children with newly diagnosed retinoblastoma who received local subtenon carboplatin (9 concurrently receiving systemic CEV and cyclosporine chemotherapy) at The Hospital for Sick Children between January 1, 1999, and December 31, 2001, were noted to have abnormal ocular motility. We assessed ocular motility by forced duction testing as part of the routine clinical examination under anesthesia at the time of ocular manipulation for any patient receiving sub- tenon carboplatin injections. We compared ocular motility assessed by forced duction testing before administration of local subtenon carboplatin vs after tumor control was achieved. Ocular motility was assessed using toothed forceps. The degree of restriction of ocular movements was graded from 0 (no limitation) to 4 (no movement beyond the primary position). The directions of limitation were also recorded. We correlated ocular motility with age at diagnosis and age at initial examination, number and location of subtenon carboplatin injections, number of cycles of systemic CEV and cyclosporine, and local laser and cryotherapy treatments given (Table) .
CLINICAL SCIENCES
Subtenon carboplatin injections were performed by making a small incision in the conjunctiva and Tenon fascia in the quadrant closest to the main tumor or location of the vitreous seeds, to access the intraconal space. A blunt-ended cannula attached to a 3-mL syringe containing 2 mL of carboplatin, at a concentration of 10 mg/mL, was advanced into the intraconal space. With the cannula fully advanced, the carboplatin was injected slowly to minimize reflux. The conjunctiva was either not sutured or sutured using 1 or 2 absorbable 6-0 sutures. Corticosteroid-antibiotic ointment was placed in the conjunctival sac. The children were subsequently examined while awake on another occasion, before their next examination under anesthesia in 3 or 4 weeks.
RESULTS
Twelve eyes of 10 patients with RB were treated with 36 subtenon carboplatin injections. The median age at diagnosis was 12 months (range, 3 months to 13 1 ⁄2 years). All children were seen by 25 months of age except for patient 1, who was seen at age 13 1 ⁄2 with retinoblastoma reactivation in a unilateral retinoma.
Seven children had bilateral tumors and 3 had unilateral tumors. Of the 7 children with bilateral RB, 2 required subtenon carboplatin injections in 1 eye only because tumors in their other eye had been controlled by systemic CEV and cyclosporine and local laser therapy, 3 had their other eye already enucleated at diagnosis, and 2 were treated with subtenon carboplatin in both severely involved eyes. Nine patients received a mean of 7 cycles of systemic CEV and cyclosporine.
The mean number of subtenon injections was 3 per eye at 3-to 4-week intervals. All parents reported some periocular swelling and redness for several days after injection that resolved spontaneously.
Forced duction testing revealed restriction of ocular rotation after subtenon carboplatin injections in all 12 treated eyes (Table) , with the direction of restriction correlating with the sites of injections. Restriction of eye movements was detected after as few as 1 subtenon carboplatin injection and as early as the next examination under anesthesia 3 to 4 weeks later. Patient 1, for example, received 4 subtenon carboplatin injections in the inferior quadrants of the left eye and developed a grade 2 limitation of elevation of the eye (Figure 1) . Attempted forced elevation showed marked restriction of movements of the left eye, in contrast to normal movements of the uninjected right eye (Figure 2A and B 
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*Cyclosporine (33 mg/kg) was given over 3 hours on each of the 2-day chemotherapy cycles, in which carboplatin (28 mg/kg) was given on day 1 and vincristine sulfate (0.05 mg/kg) and etoposide (12 mg/kg) were given on day 2.
†Carboplatin (22 mg/kg), etoposide (9 mg/kg), and vincristine sulfate (0.05 mg/kg) and cyclosporine (33 mg/kg) were given on each of the 2-day chemotherapy cycles. Patient 8 received 7 cycles of chemotherapy at the higher dosages and 3 cycles of chemotherapy at the lower doses.
(REPRINTED) ARCH OPHTHALMOL / VOL 121, AUG 2003 WWW.ARCHOPHTHALMOL.COMpatient 7) had restriction of ocular rotation in all directions and a significant enophthalmos. The degree of motility restriction was generally greater with an increased number of subtenon carboplatin injections. Figure 3 shows the correlation (r=0.8) of the mean grade of the degree of restriction of ocular movement with the number of subtenon carboplatin injections. No mechanical restriction of ocular rotation has been detected in the eyes of patients treated only with laser therapy and cryotherapy without local carboplatin. Four eyes required enucleation for uncontrolled tumor growth 2 to 4 months following their most recent subtenon carboplatin injection (Table) . These 4 eyes had been treated with systemic chemotherapy, laser therapy, and cryotherapy, but had received no irradiation. Forced duction testing in patient 2 before enucleation revealed a marked grade 3 restriction of elevation and moderate grade 2 limitation of depression in both eyes, which had been treated with subtenon carboplatin. At enucleation, extensive conjunctival scarring was noted in all 4 cases, making the surgery difficult and hazardous for potential rupture of the globe. In patient 2, the orbital fat attached to the globe appeared opaque white and abnormal ( Figure 4A ). There was viable intraocular RB within the enucleated eye, but no evidence of extraocular extension. Microscopic examination of this eye showed many lipophages in the periorbital fat surrounding the optic nerve, indicative of phagocytosis of previously existing fat cells and, in this context, was suggestive of prior fat necrosis ( Figure 4B ). Fibrosis also made surgery difficult in the other 3 enucleations, but orbital fat necrosis was not noted. These tumors had not extended into the optic nerves.
Adequate tumor control was achieved in 8 (67%) of 12 eyes that were retained (Table) . In addition to en- ophthalmos and restriction of ocular motility, there was a variable foreshortening of the conjunctival fornices in all treated eyes, making indentation for examination and focal treatment of the peripheral retina difficult. Furthermore, satisfactory fitting of the prosthesis following enucleation was difficult because of shrinkage of the conjunctival fornices and considerable loss of orbital soft tissue volume.
COMMENT
Enucleation of the worse eye and irradiation of the better eye has been the traditional treatment for bilateral advanced RB for the past 30 years. External beam radiation, although effectively controlling many intraocular tumors, is associated with severe long-term complications, including second malignancies, cataracts, cosmetic deformity of the orbit, lacrimal dysfunction, radiation retinopathy, and, rarely, growth hormone deficiency. 10, 11 For this reason, we use chemotherapy when there is no indication at diagnosis for immediate enucleation of 1 or both severely involved eyes in patients with bilateral RB (ie, no suspicion of extraocular extension, anterior segment involvement, neovascular glaucoma, or orbital cellulitis). Chemotherapy has not been associated with the severe long-term adverse effects that complicate radiotherapy. [3] [4] [5] [6] [7] We use a combination of chemotherapy and local therapy as the primary treatment. Our protocol includes CEV chemotherapy with cyclosporine as primary therapy. 3, 4 We use cyclosporine to address the problem of multidrug resistance P-glycoprotein that frequently besets RB tumors. 3, 4 We use local laser therapy and cryotherapy for consolidation after tumor shrinkage from chemotherapy. [3] [4] [5] [6] [7] These local modalities are only effective for small tumors less than 2 mm in height and for some medium tumors of 2 to 4 mm in height. 12 When first described in a mouse model, 8 and in treatment of human RB tumors, 9 subtenon carboplatin was viewed as a useful, toxicity-free local therapy. In the mouse model, no histopathological toxicity was detected 11 weeks after subtenon carboplatin injections. 13 The initial study by Abramson et al 9 reported painless periorbital edema and redness after injection in 4 of 13 eyes treated, which subsided after several days. No longterm adverse effects were reported except for an inexplicable case of optic neuropathy. 9 The effect of carboplatin on periorbital tissues was not examined, and no comment was made on its potential effect on ocular motility. 9 Because of anecdotal results, subtenon carboplatin was considered harmless, and it has been widely used, particularly for patients in whom other therapies failed to achieve tumor control. We have used this adjunctive therapy in combination with systemic chemotherapy and focal therapy for poor-prognosis intraocular RB in both eyes or in the remaining eye after enucleation of 1 eye, or when systemic chemotherapy was contraindicated. 
